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RETRIEVAL OF PHYSICAL PROPERTIES OF INTERFERENCE FILTERS INTEGRATED IN RADIOMETER INSTRUMENTS BY USING REVERSE ENGINEERING PROCESS
(
I. INTRODUCTION
The Solar Irradiance flux experiment a spectral filtering process as the irradiance flux propagates from the source to the sensor. When using radiometer sensors for optical measurement both the atmospheric transmittance, sensor's filter and the responsivity of the detector produces a spectral filtering, see The total response of the radiometer is the integral of the convolution from the spectral Irradiance source reaching to the sensor with the Optical Transfer Function (OTF) that is composed by the sensor filter and detector responsivity. For MetSiS and DREAM SIS radiometers the sensor filter are composed by Schott filter and an interference filter. Schott filters were added to the optical system to improve the behavior of interference filters.
The OTF is dependent on the next parameters: temperature, angle of incidence of the incoming radiation and the incoming light distribution (diffusive or collimated). Any element of the optical system contributes uncertainty to the measurement, being the interference filter the most affecting in the optoelectronic chain by these parameters.
Due the characterization of interference filter under different conditions of temperature and angular orientation is difficult, so modelling the behavior of the interference filters is helpful in order to assess how much uncertainty this optical element introduces into the final OTF of the radiometer instrument [1] , [2] .
We describe a method to find an equivalent interference filter based in the characteristic matrix approach , the theoretical model calculate filter properties as a function of the number of layers, the layers thickness and the type of material every layer is made of. Combining experimental measurement of optical transmittance with the theoretical model is possible to get an equivalent filter using inverse methods. -Xenon Lamp (lamp housing E7536 of Hamamatsu) with condenser lens, it emits a quasi-collimated beam. -A pinhole to reduce the beam width.
-Filter mounted on a gonio-meter (Model GB-GD SN G1008 of Gigahertz-Optik) to perform angular measurements for filters. -Sensor connected to Spectrometer and computer to acquire data (Model X4 light analyzer of Gigahertz-Optik).
Fig. 2. Scheme of experimental setup III.MULTILAYER THIN FILM MODELING
The Transfer Matrix method calculates the filter properties using the characteristic matrix approach, the method is presented in detail in most optical coating textbooks [3] , [4] , [5] . In the equations shown below n is the refractive index, n 1 and n s are the refractive index from external material and substrate respectively, d is the layer thickness, is the angle of the incident light , is the refraction angle in the layer and is .
For s-polarization the jth maxtrix is represented by:
and for p-polarization:
The characteristic matrix describing the multilayer is: Table 1 , show the relation between the multilayer matrix and the optical property of transmittance for the filter, the total transmittance of the filter will be the average between the transmittance for s and p polarizations.
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IV.RETRIEVAL OF PHYSICAL PARAMETERS Retrieval of physical parameters is a problem of optimization or inverse problem where the model described in the previous section is feedback with the physical parameters to produce the best fit of the theoretical transmittance respect to the experimental one.
To solve the optimization problem two algorithms has been used: (1) A heuristic optimization using a genetic algorithm (GA) performed by choosing the n th best samples of the complete offspring at every iteration, and (2) a local optimization based on the Levenberg-Marquardt algorithm is used to refine the best offspring in the n th iteration [6] , [7] .
The first one is based on the genetic processes of biological organism. They usually work with a population of individuals, each representing a possible solution of the problem. The best individuals, according with a fitness function, are selected to create new individual recombining and modifying the information stored in the old ones. The new individuals are then inserted in the population with some of the old ones generating a new offspring. This process continues until a stop condition is reached, and the best individuals found for the algorithm are considered the solution of the problem. Matlab software and toolbox has been used to implement this algorithm [8] .
A. PROBLEM ENCODING
The following terms are referred to any GA: -The population size, is the number of existing solutions. Some information about the physical parameters was provided by the manufacturer like the number of layer, the type of material used and the total physical thickness for the High & Low-Index-Layers. In this inverse problem the information from manufacturer was used, so the individual only has two chromosomes the layer thickness for material of High/Low refraction index.
-The cost function is the fitness function that will be minimized and is defined as a linear combination of: (8) is the root-mean-square (RMS) error between the theoretical and the measured optical transmittance, the second and third terms are the difference between the physical thickness and the calculated thickness for the High/Low-Index-Layers respectively. and are constant used to weight these terms.
B. PROCEDURE OF GA OPTIMIZATION
For simplification, all calculations were performed with constant refractive index and at normal incident of light.
The population number was chosen between 50-60 individuals. The population initialization can be set up randomly or it is possible to use different strategies [9] , [10] to choose new individuals like suppose the individual consists on quarter wave layers (QW) or similar allowing a random variation around the reference wavelength (9) .
( ) (9) ( ) The next step are common to any simple GA: The Best Individual from GA during N generations is refined using a local search based on LevenbergMarquardt algorithm, the cost function is the RMS error. A Maximum of 1000 iterations was established as stop condition for this method.
D. STOP CONDITION
The refine solution is introduced into the population of the GA and the process of optimization is continued until the next N generation. Then, the best individual is improved using Levenberg-Marquardt algorithm again.
The process is stopped manually when the cost function value is below or near to 0.5; if the fitting solution is successful the optimization is finished, otherwise the optimization process continues.
V.RESULTS
For these paper three filters has been optimized. The quality of the optimization has been successful as shown in the figures below: 
VI.CONCLUSIONS AND FUTURE PLANS
Combining the Matrix formulation for multilayer filter, global and local search algorithm a reverseengineering software procces has been developed and validated succesfully to find an equivalent filter from experimental measurement of interference filters using.
We plan continue developing the algorithm to change the algorithm from a mono-objective cost function to a multi-objective optimization that include several cost function dependent on physical parameters.
